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1. 

CONVERTING A COLORMETRIC 
TRANSFORMIFROMAN INPUT COLOR 
SPACE TO AN OUTPUT COLOR SPACE 

This application claims the benefit, under 35 U.S.C. S365 
of International Application PCT/US2006/021485 filed Jun. 
2, 2006, which was published in accordance with PCT Article 
21(2) on Dec. 13, 2007 in English. 

FIELD OF THE INVENTION 

The present invention generally relates to post-production 
color information metadata and, more particularly, to a 
method, apparatus and system for converting an original calo 
rimetric transform, also known as a color adjustment, of a 
sequence of images from an input color space into an output 
color space such that the transform survives a video distribu 
tion workflow. 

BACKGROUND OF THE INVENTION 

In recent years, the types of devices available for viewing 
images have increased dramatically. Consumers view images 
on several different output devices such as monitors, displays, 
televisions, cameras, printers, and other electronic devices. 
Whereas the Cathode Ray Tube (CRT) used to be the standard 
device for viewing images, today a user can also purchase a 
Liquid Crystal Display (LCD) or a Plasma Display Panel 
(PDP). The increasing variety of available devices, however, 
has produced a problem of color uniformity. Because of the 
mechanical differences between the different types of 
devices, colors are often displayed in different ways. That is, 
as the proliferation of available displays becomes more and 
more visible, the problem of color uniformity becomes more 
evident. 
AS Such, in the new post-production environment, it has 

become more and more useful to be able to create color 
information metadata from, for example, a color transform 
tool that can be made available in a color management process 
from capture to post production. That is, as a device prepares 
to display a color, the display device requires accurate color 
information metadata to transform (adjust) content color to a 
desired color space before the device displays the desired 
color. For example, a visual comparison of a signal on differ 
ent display types is a current practice in post-production. In 
Such comparisons, a color transform (adjustment) is per 
formed to attempt to match one display to the other or to a 
desired color space. 
One color transformation technique involves the use of a 

3-Dimensional lookup table (3 DLUT). This technique uses a 
table defining a corresponding output color for each input 
color. 3D LUTs can today be automatically generated with 
available technology. The 3D LUT technique, however, can 
not be carried with the content through the workflow (e.g., 
from capture to post processing) at least because of limita 
tions in available display devices and, as such, the 3D LUT 
cannot be reused at the display decoding level. That is, the 3D 
LUT is not practical for an end-to-end design because the 3D 
LUT does not allow the deconstruction of sequential deci 
sions integral to the 3D LUT and because the processing 
power associated with a 3D LUT is very intense and would 
not be practical for currently available consumer displays. 

Another color transformation technique involves the use of 
Color Decision Lists (e.g., the American Society of Cinema 
tographers Color Decision List (ASC CDL)). A Color Deci 
sion List (CDL) is comparable to an Edit Decision List (EDL) 
for representing a film or video edit except that a CDL is 
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2 
directed to color-grading choices. Unfortunately, most CDLS 
are proprietary to their respective portions of a workflow, 
which prevents the workflow from being seamless. That is, 
Such a CDL cannot carry cinematographers' choices through 
the workflow. In addition, these CDLS only implement chan 
nel specific 1D LUTs that do not address cross talks between 
color channels (e.g., hue deviations). 

SUMMARY OF THE INVENTION 

In one embodiment of the present invention, a method for 
transforming a calorimetric adjustment of a sequence of 
images from an input color space into an output color space 
includes determining a transformation table for converting 
the input color space of the sequence of images to a desired 
output color space, applying a first order approximation to 
Subsets of the sequence of images, the Subsets of the sequence 
of images defined by the transformation table, and if the 
sequence of images has not reached convergence, applying a 
second order approximation to the Subsets of the sequence of 
images. 

In one embodiment of the present invention, the above 
describe method provides a sum of intermediate terms for 
defining color components of the output color space, where 
the number of the intermediate terms corresponds to the num 
ber of input color space components, and the intermediate 
terms are defined as a parametric function of one of the input 
color space components and the parameters of the parametric 
function are defined such that for all input colors, output 
colors are closest to the colors of the original colorimetric 
adjustment. 

In an alternate embodiment of the present invention, a 
method for transforming a colorimetric adjustment of a 
sequence of images from an input color space into an output 
color space includes defining each component of the output 
color space by a Sum of intermediate terms, wherein a number 
of the intermediate terms corresponds to a number of input 
color space components, defining each of the intermediate 
terms as a parametric function of one of the input color space 
components, and defining parameters of the parametric func 
tion Such that for all input colors, output colors are closest to 
the colors of the original colorimetric transform. The combi 
nation of intermediate terms is then applied to the sequence of 
images for transforming the calorimetric adjustment of the 
sequence of images from the input color space into the output 
color space. 

In an alternate embodiment of the present invention, a color 
adjustment device for transforming a colorimetric adjustment 
of a sequence of images from an input color space into an 
output color space includes a processor and a memory, for 
storing programs, algorithms and instructions. In the color 
adjustment device of the present invention, the processor is 
configured to determine a transformation table for converting 
the input color space of the sequence of images to a desired 
output color space, to apply a first order approximation to 
Subsets of the sequence of images, the Subsets of the sequence 
of images defined by the transformation table, to determine if 
the sequence of images has reached convergence, and in 
response to the sequence of images not having reached con 
Vergence (e.g., to within a predetermined threshold), to apply 
a second order approximation to the Subsets of the sequence 
of images. 

In an alternate embodiment of the present invention, a 
video distribution system includes a video capture device for 
capturing video, a color correction device for performing a 
calorimetric adjustment of the captured video and a color 



US 8,847,976 B2 
3 

adjustment device configured to transform the colorimetric 
adjustment of the captured video from an input color space 
into an output color space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The teachings of the present invention can be readily 
understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

FIG. 1 depicts a high level block diagram of a video dis 
tribution system in which an embodiment of the present 
invention can be applied; 

FIG. 2 depicts a high level block diagram of an embodi 
ment of a coloradjustment device suitable for use in the video 
distribution system of FIG. 1 in accordance with the present 
invention; and 

FIG.3 depicts a flow diagram of a method for converting an 
original calorimetric transform (adjustment) from an input 
color space into an output color space in accordance with an 
embodiment of the present invention. 

It should be understood that the drawings are for purposes 
of illustrating the concepts of the invention and are not nec 
essarily the only possible configuration for illustrating the 
invention. To facilitate understanding, identical reference 
numerals have been used, where possible, to designate iden 
tical elements that are common to the figures. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention advantageously provides a method, 
apparatus and system for converting an original calorimetric 
transform that was made for coloradjustment of a sequence of 
images from an input color space into an output color space in 
a concise manner that survives a video distribution workflow. 
Although the present invention will be described primarily 
within the context of a method, apparatus and system for 
deriving an extended color decision list from a three dimen 
sional look-up-table, the specific embodiments of the present 
invention should not be treated as limiting the scope of the 
invention. It will be appreciated by those skilled in the art and 
informed by the teachings of the present invention that the 
concepts of the present invention can be advantageously 
applied in substantially any video distribution system for 
providing color management by converting an original calo 
rimetric adjustment from an input color space into an output 
color space Such that the converted color transform Survives a 
video distribution workflow. 

It should also be understood that the elements shown in the 
figures provided herewith may be implemented in various 
forms of hardware, software or combinations thereof. Prefer 
ably, these elements are implemented in a combination of 
hardware and Software on one or more appropriately pro 
grammed general-purpose devices, which may include a pro 
cessor, memory and input/output interfaces. 

FIG. 1 depicts a high level block diagram of a video dis 
tribution system in which an embodiment of the present 
invention can be applied. In the system 100 of FIG. 1, a digital 
video camera 110 captures video content. The captured video 
content is translated into raw data representing three-color 
channel values per pixel and stored on, for example, a server 
115. It should be noted, however, that although FIG. 1 depicts 
a digital video camera 110 for capturing video content, in an 
alternate embodiment of the present invention, video content 
may be captured by a film camera and translated using, for 
example, a telecine scanner. The output of the telecine scan 
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4 
ner is then translated into raw data representing three-color 
channel values per pixel and stored on, for example, the server 
115. 
At some stage during content preparation in the system 

100, which can be either at the capture stage or later during the 
process, there can exist a desire to change the “look” of the 
Video content without altering the original captured data. The 
new look is intended to be transported through the workflow 
to a class of one or more consumer displays, to be replicated 
at the consumer display level with the desired “look”. For 
example, in the video distribution system 100 of FIG. 1, the 
captured/stored video content is communicated to a digital 
intermediary 120 for making decisions on the color space 
(i.e., the “look”) for the captured video content using for 
example any one of the color correction tools available on the 
market and a professional reference display 125 that is avail 
able on the market for digital intermediary workflow. A copy 
of the video content is then adjusted to incorporate the desired 
color space at the coloradjustment device 130. For example, 
in one embodiment of the present invention, a color adjust 
ment device 130 in accordance with the present invention 
creates three dimensional look-up-tables (3D LUTs) for each 
scene or particular sequence of contiguous images of the 
captured video content, and the 3D LUT is then transformed 
such that the transformed color adjustment 3D LUT can be 
implemented at a display level 135 to achieve consistency of 
the desired color intent for that particular image sequence. It 
must be understood that the color adjustment device 130 can 
be either a software running on a general purpose PC or 
hardware already used in a digital intermediary workflow, i.e. 
combined together with a color correction device, or an iso 
lated combination of hardware and software that is connected 
via a network to a digital intermediary workflow, for example 
to its color correction device via Ethernet. The implementa 
tion choice depends on various workflow and financial 
parameters that are intimate to each specific workflow envi 
rOnment. 

For example, FIG. 2 depicts a high level block diagram of 
an embodiment of a color adjustment device suitable for use 
in the video distribution system 100 of FIG. 1 in accordance 
with the present invention. The color adjustment device 130 
of FIG. 2 comprises a processor 210 as well as a memory 220 
for storing control programs, algorithms, LUTs and the like. 
The processor 210 cooperates with conventional support cir 
cuitry 230 such as power Supplies, clock circuits, cache 
memory and the like as well as circuits that assistin executing 
the software routines stored in the memory 220. As such, it is 
contemplated that Some of the process steps discussed herein 
as Software processes may be implemented within hardware, 
for example, as circuitry that cooperates with the processor 
210 to perform various steps. The color adjustment device 
130 also contains input-output circuitry 240 that forms an 
interface between the various respective functional elements 
communicating with the color adjustment device 130. 

Although the color adjustment device 130 of FIG. 2 is 
depicted as a general purpose computer that is programmed to 
perform various control functions in accordance with the 
present invention, the invention can be implemented in hard 
ware, for example, as an application specified integrated cir 
cuit (ASIC). As such, the process steps described herein are 
intended to be broadly interpreted as being equivalently per 
formed by software, hardware, or a combination thereof. 
As previously described, the coloradjustment device 130, 

in accordance with one embodiment of the present invention, 
creates three dimensional look-up-tables (3D LUTs) for each 
scene or particular sequence of contiguous images of the 
captured video content, and the 3D LUT is then transformed 
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such that the transformed color adjustment 3D LUT can be 
implemented at a display level 135 to achieve consistency of 
the desired color intent for that particular image sequence. 
More specifically, the color adjustment device 130 is config 
ured to transforman original colorimetric adjustment from an 
input color space into an output color space by, in one 
embodiment of the present invention, defining each compo 
nent of the intended output color space by a sum of interme 
diate terms, wherein a number of the intermediate terms 
corresponds to a number of input color space components, 
defining each of the intermediate terms as a parametric func 
tion of one of the input color space components, and defining 
parameters of the parametric function Such that for all input 
colors, the output colors are closest to the colors of the origi 
nal calorimetric adjustment. The determinations made and 
processes implemented by the color adjustment device 130 
will be described in greater detail below. 

The video content and transformed 3D LUTs are then 
distributed to the display level for display. For example, in 
one embodiment of the present invention the video content 
and transformed 3D LUTs are burned into a DVD at a DVD 
mastering stage or any mastering for new distribution venues 
like video-on-demand, mobile applications and the like. An 
important aspect of the present invention is that coloradjust 
ment information is made available wherever it may be 
needed within a video content distribution workflow. In addi 
tion, the color adjustment information is compressed Such 
that the information becomes practical for use in substantially 
any working environment (i.e., post-processing image trans 
forms, metadata creation for consumer display rendering). In 
accordance with the present invention, both color adjust 
ments (e.g., 3D LUT and compressed LUT) are made avail 
able as long as possible (i.e., in a post-production environ 
ment) while only transporting the compressed LUTs of the 
present invention in an environment that has limited process 
ing capabilities (i.e., in a display device). 

In one embodiment of the present invention, a mathemati 
cal and statistical method is proposed which is implemented 
by, for example the color adjustment device 130, in a post 
production environment for compressing a created 3D LUT, 
which can be of any size, for example, 16x16x16 values (4 
bits) and 256x256x256 values (8bits) or even larger values 
for future applications such as 10 bit, 12 bit or larger bit per 
channel. 
A 3D LUT can be described as a collection of values, 

(Rijk, Gijk, Bijk), where i, j and k can take any value 
between 0 and 255 in the case of 256 plotting points (8bits) or 
any other maximum depending on the size of the 3D LUT. R', 
G' and B' represent the 3 main channels of the image data in 
a particular color space reference (e.g., red, green and blue or 
XYZ color space in digital imaging). The three variables of a 
3D LUT do not necessarily imply linear representation of the 
plotted values. For example, a 3D LUT can be configured 
Such that most of the critical colors of a particular scene (i.e., 
flesh tones) have sufficient incremental detail to comply with 
the original intent of the scene when a color transform or 
adjustment is applied in accordance with the present inven 
tion. However, the teachings of the present invention do not 
address this issue and assume that a 3D LUT that is created for 
each scene of a captured video content in accordance with the 
present invention contains the appropriate color accuracy 
embedded within, including out of gamut mapping if appro 
priate. 

In one embodiment of the present invention, a 3D LUT is 
simplified by considering a “Ray Box' algorithm. Such a 
“Ray Box' algorithm is described in commonly assigned 
PCT Patent Application No. PCT/US2005/08918, filed Mar. 
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6 
17, 2005, which is herein incorporated by reference in its 
entirety. The “Ray Box' algorithm can be applied, for 
example at the display level. The original 3D LUT applies to 
visual color transforms or adjustments either outside of any 
creative color transform process (i.e. display matching, 
device calibration, color space changes) or in a creative color 
transform that is “look” related (i.e. the director of photogra 
phy of a film production may want a specific look and thus 
uses this invention to burn his artistic intent in an efficient and 
flexible color transform or adjustment). The “Ray Box' algo 
rithm, as described in one embodiment of PCT Patent Appli 
cation No. PCT/US2005/08918, has a set of user knobs that 
tune the coefficients of a matrix composed of 3 diagonal 
coefficients (L. L. L.) and of 6 non-diagonal coeffi 
cients (LRo, LRA. Lor, Loz. LaR. Lac,) in real-time, in order to 
change the look and match it to a desired creative or non 
creative look as explained above. 

In the embodiment of the present invention described 
above, a modified Ray Box is implemented either inside of a 
display unit or as a decoder that modifies the content prior to 
displaying the content. In addition, in various embodiments, 
the described knobs are conceptually modified to be imple 
mented by software that will obtain the same effect as physi 
cal knobs, using information that is transported to a display 
with the video distributed content and interpreted by the 
software to recompose the desired coefficients to the color 
channels before displaying the content. Such an implemen 
tation is described in commonly assigned PCT Patent Appli 
cation No. PCT/US2005/039576, filed Oct. 28, 2005, which 
is herein incorporated by reference in its entirety. 

In accordance with one embodiment of the present inven 
tion, a specific 3D LUT represents, for example, the differ 
ence between the desired look as set in post-production and 
the look that is represented by the combination of the video 
distributed content and the display before applying any cor 
rection at the display level. As such, each of the values of a 3D 
LUT can be represented as characterized in equations one (1), 
two (2) and three (3), which follow: 

(2) 

(3) 

The diagonal coefficients of the matrix presented above are 
depicted as the linear 1 dimensional look-up-tables (1D 
LUTs) for each of the three channels (red, green and blue) and 
the non-diagonal coefficients are depicted as cross talks. In 
accordance with the present invention, substantially all film 
content, digitally captured video content, computer generated 
video content, or visual effects resulting from a mix of these 
types of content creation, can be represented accurately from 
a specific visual reference to a next (i.e., from a display to a 
next different display) by a specific approximation of both the 
diagonal and non-diagonal coefficients on a scene-by-scene 
basis, take-by-take basis, or any other adequate sequence of 
images basis. 

Although an embodiment of the present invention is 
described above as implementing a “Ray Box' algorithm for 
simplifying a 3D LUT, that specific embodiment of the 
present invention should not be treated as limiting the scope 
of the invention. That is, any combination of a color-correc 
tion and/or color-transform process or tool that is used to 
adjust color with no artistic intent or otherwise to artistically 
modify a “look” can still be represented by a general 3D LUT 
in accordance with the present invention. 
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In accordance with one embodiment of the present inven 
tion, a 3D LUT representing a “look change' or coloradjust 
ment is automatically compressed by an algorithm and rep 
resented as a first approximation by a matrix composed of 
diagonal coefficients (i.e., three different 1D LUTs). The 
diagonal coefficients are expressed in mathematical terms 
(e.g., ASCCDL values, slope, offset, power and the like) such 
that programmable chips can easily process the mathematical 
terms. Additionally, and in accordance with one embodiment 
of the present invention, a second level of approximation 
includes creating non-diagonal coefficients according to the 
“Ray Box” description (e.g., six 1D LUTs). The non-diagonal 
coefficients are also expressed in mathematical terms such 
that programmable chips can easily process the mathematical 
terms 

In one embodiment of the present invention, if an ASC 
CDL is described as Rout-Clamp (Rinslope)+offset)’." 
or Rout-f(Rin, Slope, Offset, Power), then each of the param 
eters of a 3D LUT with respect to the CDL functions can be 
characterized according to equations four (4), five (5) and six 
(6), which follow: 

Rijk-fi, S1, O1, P1) (4) 

G'iik-fi, S2, O2, P2) (5) 

Bijk=f(k, S3, O3, P3). (6) 

In equations (4), (5) and (6) above, f depicts a known 
function which depicts the ASC CDL. As previously stated 
however, the concepts of the present invention are not limited 
to ASC CDL functions. That is, the concepts of the present 
invention may be applied to Substantially any function, f, with 
a number of known parameters such as lift, gain, gamma or 
even printer correction values in a digital intermediary envi 
ronment that does not implement ASC CDL functions. For 
example, analytic functions found in the literature to repre 
sentatypical “toe’ or “shoulder' behavior in film printing can 
also be used as replacements or complements of the ASC 
CDL in another embodiment of the present invention. 

In equations (4), (5) and (6) above, idepicts the input value 
for the Red channel (R).jdepicts the input value for the Green 
channel (G) and k depicts the input value for the Blue channel 
(B). In one embodiment of the present invention and analyZ 
ing the Red Channel (R), the 3D LUT coefficient variance for 
all possible values of i between 0 and 255 (or any other 
number of Red channel values depending on the number of 
bits) is considered. The 3D LUT coefficient variance for all 
possible values of i can be analyzed as a function of and kas 
characterized by equation seven (7), which follows: 

In equation (7) above, Var(i)(X) can be any analytical vari 
ance for X regarding all values of i. In order to optimize the 
Red channel (R), a red-channel related cost function of slope, 
offset and power can be characterized according to equation 
eight (8), which follows: 

In accordance with the present invention, the cost function 
of equation (8) is optimized such that the triplet (S.O. P.) 
results in a minimum cost. To achieve Such a result, the 
inventors propose a two-step method. In a first step, a first 

- f(i, S, O, P)} (8) 
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8 
solution (S, O, P) for the Red channel (R) with a given j, k is 
determined using apartial cost function characterized accord 
ing to equation nine (9), which follows: 

- f(i, S, O, P)} (9) 

XR, - f(i, S, O, P)/21 

In a second step, the full cost function of equation (8) is 
then used to determine the solution (S. O. P.) for the Red 
channel (R) with a minimal cost. The partial cost function of 
equation (9) and the full cost function of equation (8) result in 
a minimal overall cost function for the Red channel (R) 
according to equation ten (10), which follows: 

e(SR, OR, PR) = FR (SR, OR, PR) (10) 

= X(R – f (i, Sr., Or, Pe). 

As such, the Red channel (R) related partial costs for any 
value of j, k from green and blue can be characterized accord 
ing to equation eleven (11), which follows: 

eR(j, k, SR, OR, PR) = F(j, k, SR, OR, PR) 

-). (R - f(i, SR, OR, Pe) / 1 

(11) 

The process described above is then repeated for the Green 
channel (G) and the Blue channel (B) to determine the (S, 
O, P,) and (S. O. P.) partial costs which can be charac 
terized according to equations twelve (12) and thirteen (13), 
respectively, which follow: 

ec, (i, k, Sci., OG, PG) = F(i., k, Sci., OG, Po) 

X. (G-fi sa, Oa. Pa) / 1 
\ , f 

eB(i, j, SB, OB, PB) = F(i, j, SB, OB, PB) 

XB, - f(k, SB, OB, P) /y:1 
k 

(12) 

(13) 

Equation (11), equation (12) and equation (13) are applied 
to create three 1D LUTs, one for each of the R, G, and B 
channels, which when expressed in ASC CDL format can be 
approximated according to equations fourteen (14), fifteen 
(15) and sixteen (16), which follow: 

Rijk-fi, SR, OR, PR)+er(j, k, SR, OR, PR) (14) 

Gijk-fi. So, O, P)+e(i, k, So, O, PC) (15) 

If the typical statistical errors (i.e., the square root of the 
minimum variance) depicted by the e() values are neglected, 
the first approximation in accordance with the present inven 
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tion, is achieved as a combination of three 1D LUT expres 
sions of the 3D LUT on a scene by scene basis, which can be 
characterized according to equations seventeen (17), eighteen 
(18) and nineteen (19), which follow: 

Rijk-fi, Sr., O, P.) (17) 

G'k-fi, S, O, PC) (18) 

Bijk-f(k, Sr., O, P). 

Equations (17), (18) and (19) depict an embodiment of the 
diagonal coefficients expressed in mathematical terms that 
can be easily processed by programmable chips in accor 
dance with an embodiment of the first approximation of the 
present invention. 

Using equations (14), (15) and (16), the non-diagonals can 
be derived in accordance with the second approximation of 
the present invention. More specifically, because the e(X,X) 
values only involve the RGB values from the remaining chan 
nels (e.g., andk). Such values can be considered cross talk of 
a second order of magnitude in any visual and non artistic 
color correction mechanism. 

That is and again, considering the simplification of a 3D 
LUT using a Ray Box algorithm and equations (1), (2) and 
(3), the diagonal elements can be characterized according to 
equations twenty (20), twenty-one (21) and twenty-two (22), 
which follow: 

(19) 

LRRG) fi, SR, OR, PR) (20) 

LGGG) fj, So, O, PC) (21) 

LBB(i) f(k, Se, OB, Ps) (22) 
Using equations (14), (15) and (16) and equations (20), 

(21) and (22), the non-diagonals can be derived and can be 
characterized according to equations twenty-three (23), 
twenty-four (24) and twenty-five (25), which follow: 

LRGotLRB(ker j, k, SR, OR, PR) (23) 

LGRG)+LGB(r)eg(i, k, So, OG, PC) (24) 

LBRG)+LBGoyee(i, j, SB, OB, PB). (25) 
Assuming that the diagonal coefficients are of first order 

approximation, the non-diagonal coefficients are assumed to 
be of higher order approximation and remain Small compared 
to the diagonal coefficients. As such, in one embodiment of 
the present invention, a second order polynomial form 
approximation of the non-diagonal coefficients can be char 
acterized according to equations twenty-six (26) through 
thirty-one (31), which follow: 

Lego-aro'f+bro'? (26) 

Loro-aori-bor'i (27) 

LBRG) abR *i’--bari (28) 

LReco-are k-t-bre"k (29) 

LGB(i) a GB *i.2p) ork (30) 

(31) 

Although the non-diagonal approximation above is 
depicted as being solved using a second order polynomial 
form, the concepts of the present invention are not so limited. 
That is, in alternate embodiments of the present invention, the 
non-diagonal approximation of the present invention can be 
accomplished using a higher or lower order model. In addi 
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10 
tion, the non-diagonal approximation can also be accom 
plished using function types other than a polynomial func 
tion. 

However, using second order approximations, a relation 
ship between the diagonal approximations and the non-diago 
nal approximations can be characterized according to equa 
tions thirty-two (32), thirty-three (33) and thirty-four (34), 
which follow: 

LRGo'+LRB(ess LRRG) (32) 

LGRG'+LGBof 3 sLogo (33) 

LBRG'+LB Gof 3 sLBBof. (34) 
Equations (32), (33) and (34) are solved using a statistical 

method to find the minimum variance in accordance with 
equations thirty-five (35), thirty-six (36) and thirty-seven 
(37), which follow: 

(ark-brak)} (35) 

(over all possible values for j and k and of polynomial coef 
ficients aro, bro, arabra) 

(aok’--b ork) (36) 

(over all possible values for i and k and of polynomial coef 
ficients agr, bor, aga, bar) 

Var(j){e2(i, j, Se, Oe, Pe)-(apri-beri)-(apo"if 
bec.j)} 

(over all possible values for i and j and of polynomial coeffi 
cients apR, bar, apg. bag). 
The solution of the applied statistical method results in 

three respective sets of four (4) polynomial coefficients that 
are used to replace plotted non-diagonal values. AS Such and 
in accordance with the present invention, a 3D LUT is repre 
sented with an approximation of first and second order com 
pressed values (i.e., nine 1D LUT mathematical coefficients) 
which can be characterized according to equations thirty 
eight (38), thirty-nine (39) and forty (40), which follow: 

(37) 

FIG.3 depicts a flow diagram of a method for converting an 
original colorimetric adjustment from an input color space 
into an output color space Such that the adjustment Survives a 
video distribution workflow in accordance with an embodi 
ment of the present invention. The method 300 of FIG. 3 
begins at step 302, where a sequence of images of a video 
content are selected for color space adjustment. The method 
300 then proceeds to step 304. 
At step 304, a 3D LUT is derived for converting the color 

space ("look”) of the original sequence of images to the 
desired color space (“look”). In one embodiment of the 
present invention, the 3D LUT is derived using tools readily 
available in the art. The method then proceeds to step 306. 
At step 306, a first order algorithm approximation in accor 

dance with the present invention and as described above is 
applied to all of the pixels of different subsets of the sequence 
of images. For example, in one embodiment of the present 
invention, the first order algorithm approximation is applied 
to a subset of the first ten (10) frames from the selected 
sequence of images. The algorithm is them applied to the first 
twenty (20) frames and then to the first thirty (30) frames until 
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the result of the algorithm is statistically stable for all of the 
pixels of a sequence of images. That is, the first order algo 
rithm is applied to the various Subsets of the sequence of 
images until the difference between the sets of parameters 
from one algorithm application to the next is considered 
insignificant (convergence). For example, a user can establish 
a variance threshold which will indicate the end of the algo 
rithm application process when the threshold is attained. The 
method 300 then proceeds to step 308. 

At step 308, it is determined whether convergence was 
obtained via application of the first order algorithm. If con 
vergence was not obtained, the method proceeds to step 310. 
If convergence was obtained, the method skips to step 312. 
At step 310, if the convergence was not obtained after 

processing all of the Subsets of the selected sequence of 
images (i.e., because threshold cannot be obtained), then the 
first order approximation is considered not sufficient and a 
second order algorithm approximation, in accordance with 
the present invention, is applied to all of the pixels of the 
different Subsets of the sequence of images as described 
above. The computation mechanism is repeated until the 
threshold convergence is obtained. Typically, the application 
of the first order algorithm can be considered sufficient by a 
user, but in alternate embodiments when very accurate color 
mapping is desired due to the need for very specific looks and 
where color cross talk is an important component of the look, 
the second order algorithm is applied in accordance with the 
present invention. The method 300, then proceeds to step 312. 

At step 312, once the computations have been processed as 
described above, the resulting parameters, which are now 
considered “compressed LUT metadata, are stored in a data 
base along with the metadata describing the selected 
sequence of images to which the algorithm(s) were applied. 
For example, the stored metadata describing the selected 
sequence of images to which the algorithm(s) were applied 
can contain information including first and last frame key 
code/timecode numbers, and the like. The method then pro 
ceeds to step 314. 

At step 314, it is determined if the last sequence of images 
in the video content to be adjusted has been processed. If 
image sequences of the video content still need to be pro 
cessed, the method 300 returns to step 302. If the last image 
sequence of the video content has been processed, the method 
300 proceeds to step 316. 

At step 316, the processed data is compressed to create, for 
example, a master compressed file ready for distribution. That 
is, each sequence of the selected images will have relevant 
compressed LUT metadata associated with it, for example, 
either in-band (multiplexed as part of image packets) or out 
of-band (on a separate stream, with relevant synchronization 
information to the images). 

Optionally, the method 300 proceeds to step 318, where the 
original video content and the newly created metadata are 
transported through a distribution channel to be decoded at a 
display level. That is, the original video content and the meta 
data, created in accordance with the present invention, will be 
decoded by a combination of a regular decoder and a “modi 
fied Ray-box” in accordance with the present invention. That 
is, in order to apply the original desired look, the modified 
Ray-box decoder of the present invention calculates, from the 
compressed LUT metadata and from the original content, the 
new color components for each sequence of images at the 
decoding stage and in real-time. Then the new pixel values are 
then transferred to a display engine at the display level for 
rendering. 

In an alternate embodiment of the present invention, an 
alternative type of cost function is used for optimizing the 
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12 
channels for approximation of the first and second com 
pressed values of the present invention. The alternative cost 
function, to be applied as described above and in accordance 
with the present invention, can be characterized according to 
equation forty-one (41), which follows: 

(1 a)MAXi. (R. ( - f(i, S, O, P). 

In equation (41), a depicts a constant between 0 and 1. 
The cost function of equation (41) takes into account not only 
a mean square error but also a maximum error which can be of 
importance for practical applications. 

In an alternate embodiment of the present invention, 
another alternative type of cost function is used for optimiz 
ing the channels for approximation of the first and second 
compressed values of the present invention. The alternative 
cost function, to be applied as described above and in accor 
dance with the present invention, can be characterized 
according to equation forty-two (42), which follows: 

F'(i, S, O, P =Xg (R - f(i, S, O, P). (42) 

In equation (42), g() depicts a generalized nonlinear func 
tion allowing Small terms and large terms to be weighed 
differently. In one example, a function for g() can be charac 
terized according to function forty-three (43), which follows: 

(43) 

In function (43) above, u, depicts a reasonable threshold 
between usual errors and large errors. The function (43) cal 
culates standard Squared error for usual errors while more 
weight is give to large errors. 

Having described preferred embodiments for a method, 
apparatus and system for converting an original calorimetric 
adjustment of a sequence of images from an input color space 
into an output color space Such that the adjustment Survives a 
video distribution workflow (which are intended to be illus 
trative and not limiting), it is noted that modifications and 
variations can be made by persons skilled in the artin light of 
the above teachings. It is therefore to be understood that 
changes may be made in the particular embodiments of the 
invention disclosed which are within the scope and spirit of 
the invention as outlined by the appended claims. As such, the 
appropriate Scope of the invention is to be determined accord 
ing to the claims, which follow. 

The invention claimed is: 
1. A method for transforming a colorimetric adjustment of 

a sequence of images from an input color space into an output 
color space comprising: 

determining a transformation table for converting the input 
color space of said sequence of images to a desired 
output color space; 

applying a first order approximation to at least one Subset 
of said sequence of images, the Subsets of said sequence 
of images defined by said transformation table; and 
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determining if convergence between at least two of the 
Subsets of said sequence of images has been reached and 
if not, applying a second order approximation to at least 
one of the subsets of said sequence of images; 

wherein the determining and applying steps are performed 
by at least a processor. 

2. The method of claim 1, wherein said method for trans 
forming provides a sum of intermediate terms for defining 
color components of said output color space, wherein the 
number of said intermediate terms corresponds to the number 
of input color space components. 

3. The method of claim 2, wherein said intermediate terms 
are defined as a parametric function of one of said input color 
Space components. 

4. The method of claim 3, wherein parameters of said 
parametric function are defined such that for all input colors, 
output colors are closest to the colors of said original colori 
metric adjustment. 

5. The method of claim 1, wherein said first order approxi 
mation compresses said transformation table to determine 
diagonal coefficients capable of being expressed in math 
ematical terms that are able to be implemented in program 
mable circuits. 

6. The method of claim 1, wherein said second order 
approximation determines non-diagonal coefficients capable 
of being expressed in mathematical terms that are able to be 
implemented in programmable circuits. 

7. The method of claim 6, wherein said non-diagonal coef 
ficients depict channel cross talk. 

8. The method of claim 1, comprising compressing infor 
mation regarding said approximated sequence of images to 
create a compressed metadata file. 

9. The method of claim 8, comprising communicating said 
compressed metadata file to a display level. 

10. The method of claim 8, comprising storing said com 
pressed metadata file. 

11. The method of claim 10, comprising storing informa 
tion regarding said original sequence of images along with 
said compressed metadata file. 

12. The method of claim 1, wherein said transformation 
table comprises a multi-dimensional look-up-table. 

13. The method of claim 12, wherein said multi-dimen 
Sional look-up-table comprises a three-dimensional look-up 
table. 

14. The method of claim 12, wherein said multi-dimen 
Sional look-up-table comprises a respective look-up-table for 
different color components of said sequence of images. 

15. The method of claim 1, wherein said determined con 
Vergence between at least two of the subsets of said sequence 
of images is compared to a threshold to determine if conver 
gence has been achieved. 

16. A method fortransforming a colorimetric adjustment of 
a sequence of images from an input color space into an output 
color space comprising: 

defining components of said output color space by a com 
bination of intermediate terms, wherein a number of said 
intermediate terms corresponds to a number of input 
color space components; 

defining said intermediate terms as a function of at least 
one of said input color space components; 

defining parameters of said function such that for all input 
colors, output colors are closest to the colors of said 
original colorimetric adjustment; and 
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14 
applying said combination of intermediate terms to said 

sequence of images for transforming the colorimetric 
adjustment of said sequence of images from the input 
color space into the output color space; 

wherein the defining and applying steps are performed by 
at least a processor. 

17. The method of claim 16, wherein said combination of 
intermediate terms defines a multi-dimensional look-up 
table. 

18. The method of claim 16, wherein said function com 
prises a parametric function. 

19. An apparatus for transforming a colorimetric adjust 
ment of a sequence of images from an input color space into 
an output color space, comprising: 

a memory for storing programs, algorithms and image 
data, and 

a processor configured to: 
determine a transformation table for converting the input 

color space of said sequence of images to a desired 
output color space; 

apply a first order approximation to at least one subset of 
said sequence of images, the subsets of said sequence 
of images defined by said transformation table; 

determine if convergence between at least two of the 
Subsets of said sequence of images has been reached; 
and 

in response to said convergence not having been 
reached, apply a second order approximation to at 
least one of the subsets of said sequence of images. 

20. The apparatus of claim 19, wherein at least one of said 
first order approximation and said second order approxima 
tion is stored in said memory. 

21. The apparatus of claim 19, wherein said transformation 
table comprises a look-up-table. 

22. A video distribution system, comprising: 
an image capture device for capturing a sequence of 

images: 
a color correction device for performing a colorimetric 

adjustment of at least one captured image; and 
a color adjustment device configured to transform said 

colorimetric adjustment of said captured sequence of 
images from an input color space into an output color 
space by: 

determining a transformation table for converting the input 
color space of said sequence of images to a desired 
output color space; 

applying a first order approximation to at least one subset 
of said sequence of images, the subsets of said sequence 
of images defined by said transformation table; and 

determining if convergence between at least two of the 
Subsets of said sequence of images has been reached and 
if not, applying a second order approximation to at least 
one of the subsets of said sequence of images. 

23. The video distribution system of claim 22, further com 
prising a reference display for assisting in said colorimetric 
adjustment of said captured image. 

24. The video distribution system of claim 22, further com 
prising a display for displaying said transformed colorimetric 
adjustment in said output color space. 

25. The video distribution system of claim 22, wherein said 
transformed colorimetric adjustment is communicated to a 
display level for display in said output color space. 


